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INTRODUCTION

Accumulating evidence indicates that defects in the cytoplasmic mediators of cadherin function, the
catenins, may account for cadherin dysfunction in carcinomas where E-cadherin expression is apparently
normal. To determine the role of p120-catenin inactivation in breast cancer, we plan to study the consequences
of targeted p120 loss of function in the mammary glands of normal and transgenic mouse models for
tumorigenesis and metastasis. We have used gene targeting to incorporate loxP sites at strategic locations in the .
p120 gene such that Cre recombinase-induced deletion of the intervening sequence will inactivate p120. Mice
containing this conditional allele (p12(}ﬂ“"} will be generated and crossed with WAP-Cre mice to target the
conditional deletion to the breast. We will determine the effects of selective p120 loss in the breast with respect
to lobular-alveolar development, cadherin function, tumor progression, and metastasis. Our working hypothesis
is that induced p120 loss in the breast will impair E-cadherin function leading to (1) severe adverse
consequences to lobular-alveolar development, and (2) an acceleration of tumorigenesis or tumor progression
leading to increased invasion and metastasis. Understanding the role of p120 in these processes may lead to
new strategies for pharmacologic intervention as a means of inhibiting metatasis.

BODY

The statement of work for this grant is included below for reference. Figures associated with this work
are shown in appendix A. There is now significant evidence that p120 loss occurs frequently in cancer and may
contribute to tumor progression (Thoreson and Reynolds, 2002). Moreover, our recent data shows that p120
loss by mutation results in a significant reduction in the levels of E-cadherin and failure to organize normal
epithelial structure (Ireton et. al., 2002). Thus, it is likely that the second part of our working hypothesis (see

above) is likely to be born out by the experiments we are pursuing using the conditional p120 KO mouse
generated during this funding period.

The most difficult hurdle for this proposal has been to generate the conditional p120 KO mouse. We
reported previously on the successful completion of the targeting construct (Fig. 1A) and its successful
introduction into ES cells by homologous recombination. Figures 1B and 1C show by southern blotting and
PCR, respectively, that the floxed allele has recombined correctly into several ES cell lines. We also showed
that addition of Cre in vitro results in correct recombination of the floxed p120 construct and loss of the
sequence between the lox sites (Fig. 2). Our only modification of the original scheme was the insertion of frt
motifs on either side of the neo cassette. In some instances, unscheduled splicing into the neo construct has
been problematic for others. The modification made it possible to remove neo from the recombined p120 gene
before moving the ES cells into mice, but increased the chances that too much manipulation of the ES cells
would lead to damage that might prevent germline transmission. We screened 397 ES clones that potentially
contained a homologously recombined allele. We then completed a two part screening process that initially
identified the homologous recombinants, and subsequently isolated recombinants that had removed the fit
cassette (Fig. 3). These accomplishments completed the work outlined below in Tasks 1 and 2.

In this last year of funding, we have accomplished the most difficult step of obtaining germline
transmission of the floxed allele. There were several delays associated with problems in the mouse colonies at
Vanderbilt. In addition, our first generation of chimeric mice were sterile (for reasons that are still not clear).
However, a second generation of chimeric males have yielded entire litters of agouti pups, indicating that
germline transmission has been achieved. We have analyzed the DNA from the agouti litter shown in to
determine (1) whether the floxed alleles were successfully transmitted, and (2) whether the entire construct was
present, including the lox sites flanking the introduced p120 sequence. Importantly, the PCR reactions
demonstrate that five of the ten pups contain both these features (Fig. 4), indicating that we have succeeded in
the completion of aim 1 of this grant. Of the five positive pups, three are male and two are female. Thus, Task
3 is now complete and we are breeding the mice to obtain the numbers we need to continue on with Tasks 4 and
5.

We had several problems, mostly due to an MSV infection in the mouse colony, and poor breeding
conditions over the summer. These have now been successfully resolved, as evidenced by the birth of mice
with the germline transmitted p120 allele. Overall, the project is in good shape and there are no major problems
to report aside from the fact the project has taken longer than we anticipated. In retrospect, it has moved alon g
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well and the delays we have experienced are relatively normal issues associated with this kind of work. We are
pleased to report the final derivation of these mice, as this was the major goal of this proposal.

The reviewer has suggested that we obtain a no cost extension to finish this work. However, we fully
intend to finish the work outlined in Tasks 4 and 5 and an administrative extension is not necessary. With the
mouse in hand, we have the key reagent that will allow us to obtain NIH support in the form of an RO1, and I
believe this is the best course of action for future progress. RO1 support will be necessary in order to support
the significant breeding costs associated with the completion of these experiments. This was an essential part of
the long term plan, as the Idea Award mechanism was not going to be enough by itself to support the costs of
the mouse work. Recent developments in the p120/E-cadherin field indicate that this mouse will be invaluable
for understanding the role of p120 in breast cancer metastasis, and we remain optimistic that these experiments

will result in important progress in understanding the mechanisms underlying how and why breast metastases
occur.

STATEMENT OF WORK
Specific Aims 1 and 2: Role of the catenin p120 in Breast Cancer

Task 1: Months 1 - 6. Generation of the knockin contruct designed to introduce Cre-lox sites into the introns
flanking the sequence to be deleted.
A. Insert the 4.639 kb genomic p120 sequence containing exons 3 - 5 into pBS246 and sequence critical
regions to verify absence of mutations.

B. Subclone the targeting arms (regions flanking exons 3 - 5) into sites flanking the Not I site in pBS to
generate pBS-A/C.

C. Insert the pBS246 Not I cassette into pBS-A/C to generate the final targeting vector.

Task 2: Months 3 - 9. Generation of floxed p120 ES cell lines
A. Transfect ES cells with the Cre-loxP targeting construct, select transfectants in G418, and screen for
homologous recombination by southern analysis.
B. Generate the appropriate recombination event by transient transfection of Cre recombinase,
gancyclovir selection, and analysis by PCR.
C. Test the cell lines in vitro to verify the ability to induce p120 loss in the presence of Cre

Task 3: Months 9 - 15. Generate floxed p120 mice

A. Blastocyst injections by the Vanderbilt Transgenic Core and generation of several founder lines
with germline transmission containing the heterozygous floxed p120 allele.

Task 4: Months 15 - 24. Generate homozygous p120™™ / WAP-Cre mice

A.p120"*/ + and tg"*"C/ + crosses to generate experimental and control mice.
B. Characterization of the resulting mice by PCR and southern blotting.

Task 5: Months 24 - 36. Determine the effects of p120 loss in normal and abberant breast function.
A. Determine effects of p120 loss on lobular-alveolar development and function.
B. Test the long term effects of p120 loss in mammary tumor progression and malignancy by crossing

the p120™/WAP-Cre mice with TAg and/or MMTV-MT mouse models for mammary
carcinogenesis.

KEY RESEARCH ACCOMPLISHMENTS (bullet format)
*Cloned and sequenced the genomic p120 DNA

*Inserted lox-P sites into introns flanking exons 1 — 7.
*Introduced frt sites on either side of the neo cassette.

*Ligated fragments of the above constructs to generate the targeting vector, containing floxed p120 sequences
and a frt flanked neo cassette.

*Successfully tested the removal of the genomic sequence between the loxP sites in vitro.

*Generated 397 ES clones containing the transfected targeting construct.

*Identified several clones containing homologously recombined p120 floxed allele.




*Generated chimeric mice from ES cells containing the introduced p120 floxed allele.
*Obtained germline transmission of the floxed p120 allele. We have thus generated a key mouse model for
determining the consequences of p120 loss with respect to breast cancer.

REPORTABLE OUTCOMES ‘

The generation of mouse models (particularly condition KO mice) generally takes 2 to 3 years.
Although the project fell behind the expected schedule, the successful test of the recombination reaction makes
it unlikely that the construct will fail in the mouse. We now have germline transmission of the floxed allele,
which essentially means we have successfully generated our p120 condition KO mouse model. Therefore, I
remain extremely optimistic, even though we do not yet have a reportable outcome in the form of a completed
manuscript. In retrospect, the time frame estimated for breeding of the mice was unrealistic. However, with the
mouse in hand, we are in an excellent position to obtain NIH RO1 funding, which will allow us to complete
these experiments. The student responsible for most of this work (Michael A. Davis) has attended two
meetings, at which the work was reported in abstract form (see appendix).

CONCLUSIONS

We have completed a significant body of work resulting in the successful generation of a mouse model
where we can target p120 gene deletion to the mammary gland. Moreover, we have demonstrated successful
removal of the floxed sequence by Cre. There are no major changes in the original plan, and we are now
addressing the really interesting biological problems relevant to breast cancer metastasis. Our mouse model is
likely to be extremely important for understanding metastasis in breast and other cancers. Recent progress in
the pathology literature shows frequent loss of p120 in breast and other types of carcinomas (reviewed in
Thoreson and Reynolds, 2002) and our recent data shows that p120 and E-cadherin are likely to act together as
tumor and metastasis suppressors (Ireton et. al., 2002). By inducing p120 loss in the mammary gland, we can
now directly test the hypothesis that p120 is functionally relevant as a tumor suppressor.
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APPENDICES:
Appendix A: Figures referred to in the text.
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Appendix A

"3

"A1oanoadsal 9)1s 4 X0 (€ 9Y) JO 20Udsqe pue
douasaid a3 10J sjonuod aanIsod e se A1 YN 2dA) plim pue jonnsuod Sunadie) oY ], ‘SOUO[D [[90 SH USASS Y} 10] IS J XOT € oY)
Jo sisA1eue ¥YDJ (D) "UONII[OS UIDAWIOIU J33Je PIIB[OSI SAUO[D [[92 SH JUBUIQUIOIAI UAAIS JO pue S[[0d ST (I.A\) 2dA) piam Jo siseus
j0[q woynos (g) -uoneuiquiodar g dif 1oj Suruearos ul pasn srownd jussardor speoymodie pue ‘s J X0 ¢ oY) 10] Suikesse ul
posn sxourud juosordol SMOIIY OIBUWIAYOS Y} JO IS 11 Y 0) PISI] a1k spueq po3oadxd oY) JO SOZIS ) PUR ‘SAUI| [BONUSA SN[ SB UMOYS
a1e s9)1s uonomsal () 1 udy ‘sieq poy Aq pajesipur si pasn aqoid oy ‘siseue jo[q WeyINOS 104 "A[eandadsal soxoq juid pue mo[[e4k
SB pajensnjjl oIe $9JJ9SSEd UOTI[AS (SL) oseurs] SuIprwAy L, pue (0dN) UIAWOIN Y ], 'S9X0q dn[q PIOS SB UMOYS AIe SUOXT "dUI| PI[OS
B )M pojeoIpul ST Jonnsuod Sunedie) oy) jo uonisod ay ‘oul] penop e se pajussardal st yN( O1WOUn) ‘s9Jo[[e paulquiodal-g d pue
‘pareidayui Ajsnodojowroy ‘(L) 2dA1-prim oyl jo uonejussardar ogeweyog () 1onnsuod Sunesie; jo uoneidayul snoSojowoy | S

A
STES8E0RESES SEREZ3¥eE
S Z R g g
3 5 g
3 3
d xo
u_ 8 L JUBUIQUUOOIY
QMN\ LA L ERE LR NN YD ] ll(lllll!l‘lg!lSll!!!ll!!ill mQE
— e —
A
d XO[
QAT] wmmnnenennnnen o e m h | rerreserreneegs YUEISONUT
o L < — v._mmzomo_c:.om
8 L
ﬁ—.&b IIIIIIIII.IIIII-!ItIIIIIII*III III-IIII-IIIIKBIIISI EENANEEEANANERENNATERNEANRERNNS -

A




*9[9[[e sy} J0J pa3dadxa SI pueq ou ‘aI3y pasn dwin
UOISUIX? YD HOYS oY} Y)m pueq e JeIouad 0) o81e[ 00) SI ‘9)assed M [-09N
QS Y3 SUIUIRIUOD “Q[[[8 PIUIqUIOIAIUN Y} SV 'I9|qnop e se readde [[1m ‘opoffe
JUBUIQUIOIAI U0 pue JR[[e 2dA) plim SUO UIBIUOD YOIYm ‘S[[30 PaUIqUIOII
dq diJ sny], -opeqe 2dA1 pyim oyy ueyy 1edre] dq Q1 9q [[IM UONRUIGUIOIAI
g dpy SuroSiopun sofeje ‘e)s J XoT ® pue 9)s Mj e jo ooussaid oy
01 an(] ‘uoneuiquiodadl g dig 103 YD Aq paAesse sem s[[e0 S 2dA3 pjim woiy
pue ‘IDf duod [[20 S [wuied oyl ‘souod [[90 SH IUBUIGUIOIAT 9JY) WOLJ
VNd ‘1aophouen) Suisn pejodfes 2Iam S[[9d pue ‘oseuiquioddl g di4 yum
pajerodonosfo sem [Dy QUOID [[20 SH uoneuIquIoddl pajerpaw-g di ‘¢ ‘S

6 g9¥ /1DV

9D¢ 1DV

'€ 31

Iapper dq 001
VNA ()

LAE /1O
Japper dq ot

UO[0AD UOISHIIX YD Y3 JO uoneInp HoYs
3y} 03 onp YN(J PouUIqUIOddIun I0j pnoadxa
SI pueq Ou ‘YN( PoUIqUOdIUN Ul SIS
d XOT 2y} ueamiaq solf Nd J0 9¥ O sV
"UONR[PPp pAleIpaw-21) ofIopun JoU pPNOYS
Jlojoray) pue S J X0 € Yl Urewod
10U S0P €Hp QU0 UDd Aq UONBUIqUIOIAI
PalBIpouI-21)) SSOSSe 0} pasn sem djduwes yord
Jo M Q1 ‘seInurw (g 10J , O I8 pAajeAnoeul
180y Sem QWAZUS oY) udy ‘,/¢ I8 soInuIw
0§ 10y uonoear [rl ¢ ® Ul QSBUIQUIOIDI
21D 8 1l [ yam pajeqnoul sem sauopd [[99 SH
woly YN 81 ¢ "sa)s d X071 Jo Ajjeuornouny
Sunensuowap Aesse ¥YDd (g) -uonduny g
XO7T 3891 0} pasn (speaymoure) siouwrd oy Jo d XOf
uvonisod oy Sunesipul onewayds () "OIIA M_w

L]

1594
-)
¢HY
64t
153,74
Lgy
[453]!
1101
901
£V1

xoppe] dq 00T
Iappe gy |

D) (IVYNA ()

ur [euonouny oIe sous g xo oyl ‘7 Sy L




"Jon1suod 3unogie} oY) UIRIUOD S[[90
9sa1) se'pajoadxa s1 ABSse 9IS J X0
£ 941 Ul YNA DY 10] ud9s pueq
Ioddn oyy, g dig ynm pejean useq
JOU 2ABY S[[20 3S9Y) SB ‘punoidyoeq
sI  Aesse  uopeulqwodoal g
diJ oy ul YN 1Db Yiism ueos pueq
Iaddn jurey oy ‘jonuod aanedou
B SB poAJdS S[[@0 S odA1 pim
wolj YNJ pue sdnd yor|q om] woiy
VNCA e} Searoym ‘uoneuiquioddl
g dig 03 jJonuod aanisod
B SB pasn sem gHp/IOP QuUop [0
SH oY) WOl YN(Q ‘910Joq se 9IS
d x0T € a1 Jo 2oussaid ayj Joj pue
uoneuiquoddr o djJ 10j pofesse
sem sdnd nino3e uay Jo s3urddipd 1ey
woij pae[ost YN ‘9[[[e paresie)
JO UOISSIWSURI], QUIULIDD) ‘b ‘81

VNA )

9%
64¥ /TOY
¢# dnd yoepg

& & R

8RR

sdnd pno3vy

AS d XOT (€

UONBUIQUIOIY
ady

Iapper dq 001




Appendix B

Davis MA and Reynolds AB. Mammary-Specific Deletion of p120°". Presented at
Vanderbilt University Department of Cancer Biology Departmental Retreat. Lake
Barkley State Resort Park, Cadiz, Kentucky. November 15, 2002.

Davis MA and Reynolds AB. Mammary-Specific Deletion of p120°™. Presented at The
third Era of Hope meeting for the Department of Defense Breast Cancer Research
Program. Orange County Convention Center, Orlando, Florida. September 25-28, 2002.

Davis MA and Reynolds AB. Targeted Deletion of p120. Presented at The American
Association for Cancer Research, Edward A. Smuckler Memorial Workshop on
Pathobiology of Cancer. Keystone Resort, Keystone, Colorado. 2001
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